JP2003273452 



i me. 

DISTRIBUTED FEEDBACK SEMICONDUCTOR LASER DEVICE 



Abstract: 

PROBLEM TO BE SOLVED: To provide a distributed feedback semiconductor laser 
device which enables low threshold current density and high slope efficiency at an 
oscillation wavelength in a long wavelength band including an L band of 1565 nm or 
longer, and which is operable stably with a low driving current. 
SOLUTION: A band gap difference between a well layer and a barrier layer of a quantum 
well active layer is set 0.45 [mu]m or less estimated in terms of wavelength. Hereby, the 
uniform doping of carriers into a multiple quantum well is ensured, and light containment 
is improved. Further, carrier containment efficiency is improved by making the thickness 
of the well layer thicker than that of a well layer of a prior art. 
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^fcfflTf§^k£ffi;t, ffilBM^#FfM3i* s , # 

f«& vmm £ *t ft »^ #F?§tti t , tawp 

<?)±TKI£ft f>ilfc S C H#W« k *>6ffiA3 
til. , 3S«A# 1 5 6 5 n mJjUKO^WMBPP** 

**fcaai/co. 4 5 AtmjaTca* 

ft^ffss^^-^'*^ 

im&2 ] Htrtas c H#wiiM«Pfiti#\ 

I nGaAsPMWffllHL, |£SCH»i& 
HJ|^<yl<<Sf-rvra*A«l36«, 1. 0 5/zm<Agl 
< 1 . 3 5 n mX'h 9 , frlSPf^flW^ K3r> -v 7% 
£Ag2#, 1. 2 0jum<Ag2<l. 3 5;umT*ft, 
If sRiI 1 (cB«W»WiM i NW(t^-"WF. 
[fl*«3 ] firfE#F«kifMitl<7)A> Ka?> . y 
T£A Eg**, 0.40^ mjaTCft 

7. 

[»««4] miS#F«<7)iaS^D«J¥^5~7 
nmOWtti, W^l~30Vvfti*»(c»Rtf>fl- 

[11**5 J |irIB#Flwa^'4W±8OTTS> 

ft, ii^i~4^v^*Hcia»5^«f5ia i t £ ^* 

2 0)IEH(c & ft , if** 1 - 5 <7)V vffiMcfESc^^J 

im%8 1 mis#F*t o . s~ i . 2 %^eis 

WBPMMifcO. 0 2-0. 2%CD3I3SM#9^3I 

A^tift - f»*n i -7<o^f a*Hcia«^»3iffi 

[f£M¥»tft B Ji] 
[00 0 1] 

[^^m-tftft«*if] *ffflHJ±, ftmnm&m 

U-^mT^mi. RC> 5 6 5 nmH± 

cola> F^t?***^-?, fit # <- 

jSS^n-T^ft^Srl^t ft C k C ± 0 , ffiV««)«ST" 

fto 

[0002] 

[«WS«] ttJ^HH^S (BIT, WDMhDf^) % 

wm-t ft ; k t J o , 5isi««*<%fcBWS 



** f «rffi i flr^XTAkUTaBStL'CV>ft. WDM*g 

flH^NWtc U — ( OT , D F B |/-f|f k n 

[0003] WDM^gS^XrAtfc^TitfflV^ 
*lfttt#HNCtts 1 5 3 0-1 5 6 5nmc7)CA>F, 
1 5 65-1 6 2 5nmWLAyF^f) 1 ^ 
fcOWC, ITU-T/y^FCl^^lOOGHz 
HP! (ifcKW&ffbTiftO. 8nmf» T"M^ft+?> 
MfcftcD? A VT -y rmitz D F B V-VUFHWi 
5T*ft. 

[ 0 0 0 4 ] D F B V— f^O^iS^ADFBJi, vS 

HOTSi^Jiffl^A. *«^«®^?:n eff k-tft 
fc, A DFB =2 - A -n eff T*3*lft. ft-at. ±a^C 
A> K&V'LA> h*?*«^$*lft*aSlfcgC*tJSL 
fcDF B *fl*r ft fctt. «»8W!£B : 5r 

JS«]A£± 0 . 0 1 n mmK^KtftJSL^BJfffi 
^fSRtft^*'*)*. 
[000 5] m?) J: 3 D F B 9* 
F^SttJlttts InGaAsP/I n P»tf>¥#fWm 

nmT&ft. SCH (Separate Confinement Hetero-st 
ructure) JKRBJfi: UTtt, MtilL^^K^ 
t»7l*K- (A>K^f>-/r«^) A gift* , 1. 
0 5/um<Agl<l. 20umCOl nGaAsPi 5 ^ 
^>tl, 4/tPtMkUTti, ^yK^f>77«*Ag2 

1. 10^m<Ag2<l. 2 0/zmc7)I nGaAs 
Pj6»fflV^*Lft. 
[0006] 

[^^W^U J: o k-tftpffl] ±^)i o t, CA> 
F^LA> H t«j6-tft«fi«^<0D F B U~^m^n 
^PrPftmnmmZ. InGaAsP/InPl 

o^mifw-KWtfflv^iift. u^t, zvffiK 

ti, ^<0%3tt»^* { ^<'5rftKfi£v\ %«*^^'J 
#MST1-ftkv^r a WS>ft» «t> %«^* 4 'i 5 

6 5 nraHi^LAy K&#^iS*^^)D F B k-f' 

[0007] ^i-c, *fKH^awtt, 5 

6 5 nmja±<0LA> F&*t^«^»«0D F Bl^— 9* 
ft 1 1= v "Si* n-7°»SrHi| 

■f ft 3 k J: D , ftv^SBamtSET^Kffirtft dfb 
l/- tW SSffi-T ft £ k T* ft . 
[0008] 
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ifi 1 5 6 5 n mJSUtW LAy H fc^WlfeftlWD F B 
Mlftli, &SoJ;dW«JlkkT, Ay>tdf 

tvTSSAg^, 1. 10x<m<Ag<l. 20Mm*> 
fe&|> I nGaAsP^lH6t&Kli> #F*<0A> 
F^f> *7a«/Jv&VXfcft, #F«kPIS/itfV^t^> 

[ 0 0 0 9 ] A> h'df-v -yrHAEg^^-t^li k , 

i k BIIW^ ■y7lfcftAg2£ft}£ 

[ 0 0 1 0 3 WtMfcftl 5 6 5 nmJjUKOL 

A> H £*tf£»£«)D F B MflffTB, #F»^ 
BW*fl£*«4~5nmJ:0jefc:AF<fC, vSttSftft 
^A^SikfcJ:^ * + U7ffl&*>*W£S;*>, 

fc 

[0011] JJBBW*aWM-*fc*>fcs *WSfcfli4 
ftfcSMMBftrtfc, 4^#F?!M§k, Kft=F#F» 

ajEwa**. #F«&yitni*^-ri»*i i #FStti 

k , Bat?#Fattl»±TtBHt feiifc S C 
lfc3&»feflWES*l6. BSatftFl 5 6 5 nm£LhO* 
ffSHHztSWC, frfE#FlkfrlB 
^i|<7)A'y h'df jp -yrUA Eg**, **KSWtT 
0. 4 5/zmJ2lTr»4£i:*1WN:'*-&. 
[0 0 12] AyF=3f>.y7°^AEg£0. 4 5um£k 

PfMii^®^t#Fl^»T"#, *fcJfrF#F»3G» 

[0013] ismmfci'— mw& 

t UWti, fflES C H#W«S.y>"fflSP$S«*\ 

nGaAsPM^SK^L. i*SCH*tfc 
5£«^Ay^>.y7°ifcKAgl#\ 1. 0 5jum<A«l 
<1. 3 5^m"C*0, MlEWfilOAyb'df'^y?^ 
*Ag2#\ 1. 2 0/<m<Ag2<l. 3 5jumT*i. 
ZtoXttrtyVX+vTVi-Bii* I nGaAsPOffi 

W»J#p-f I. Z k K i oTft t>tlb . 
(2. EKSaKli. mia#FHkHfrfEP*SJl<OA'yH 

df>.yTHAEg#\ »£fcSt*LT0. 4 0/xmJaT 
iflfciO, t*V«?I«JKkffiXo-7^ 

[0014] *a»r?l4, flt L<li* 19fStFJSKO 1 
JISfc9WJMW5~7nm<Ol8Hfc**. #F«^K 



Jf # 5 n m*HTttt, #Fl^«df * 'J TcOBBiASft* 

^#Fk Lx&mmmm G>*ijt^*»s>?*6 . 

[0015] *%BBTti. L<fcL mifE#FJf<7)Jf 
R#4J2Ur.8JaTC&4. #F«^J» { 9W_kt&& 
k . !;?#FvSttii^fiic^^^ffM$til.S l r B XFfi : 5r 
kW <=5r D . fflft****. 6 klUc«£#'« x. 4 . * 
fc, #FJlW*ft#3J2rFTWU ^MM.^PtLXco 

[0016] *fSHBTtt. a* t < a. frianisfts^ 

ElJftS^a at L# 1 ~ 2 0)«fflte*> 4 . EHfftfrfBUS 
*L#'2J:D*^k, @«^J:l.^it»^ 

mn±&* - h tt«*ft k v w fcisiH*«iei 4 . 
[0017] *w»ctt, l < a. mia^f iia 

!E#F«t0. 8-1. 2%«*« mBPtSWc 
0. 0 2-0. 2%^l5SS3&^^®A5nS. 

[00 18] 

cD#pm k w ai « a> k d?> >y rm a e g t . v — f 

CO l # v J thk <9RKS £18^5 £«£ffv ^ s 

[0019] mm. 

*IO*WC{±s 1 6 0 0 n m«D F B V— f* 

>T , g^FvSttl«#F^kPfSlWA> K 

[0020] 01 _ 02. &V03Sr#BStT- 

^Koimttt t^D f b v-^m^mmtmf 

h.mi ttl^Bltft t D F B V — r&=? fffflfttiffit: 

Tfctfflgm. 02(^0 iwi-i mm^tmmm. m 

3 i,m 1 &UW 2 COM QW- S C HvSttJl 1 3 SrSSHBt 
*tKlBBlT**. 
[002 1 ] UStttt k^D F B V— 1 0 tt, » 
1 6 0 0 n m tej&g Lfc . D F B U—f&F? 
fco-C, Hlfc*1-J:-5t, MW3 5 0//mgKc7)n- 
I nPi«l l±fc, n-InPA 7 7rll2. MQ 
W-SCHvSttll 3, mm200jmmCOp-l nP 
1 4 . fflm? 1 5 . 1 5 5:Sft3A 

^'P - I n Pfflft&^l 1 6 . RX/P - I n P±? 7 

>y HJi 1 8 mmmm. 
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[00 22] MQW-SCHiSttll 3{i, H3fc^rt 
idK, *f#FSSttl (MQWSSttJB) 2 4k, S^f 
#F*Sttl 2 4 <75±T£KK3ftfc S C H#W« 2 5 
#FiStt* 2 4 (2, A> >y 7'ifci 
ji5l610nmOInGaAsPHW, 6lcDJU¥ 
6 n mcO#F« 2 6k, ##F« 2 6 WlBKMEU I n 
GaAsPK4i, MW1 2nm<?)^SJ12 7*>feffi 
jfcSilS . #FJi 2 6 1 %<DEi8W, P$M« 2 7 1 
0. l%tf>3l3gM*9;«a*A3;h.a. SCH#»»«2 
5(4, ±Tki, rty\t*r-vv7&&tfl ■ l/imT. 
Hff 2 OnmcOI nGaAsPMW. 
[0023] HWfH^ 1 5li, MS** 2 0 nm, ffiffltf 
24 0nm, fi-f< (duty) ibWB2 5X, HI*f« 
; F9t***A:L=l. 5 T"£>l>. 
[00 24] «*«?£«Do*>, p-InPi?7'vHl 
17, P - I n PWtb&frm 1 6 , EWf#F 15, p- 
I nP^- 9-J114, MQW-SCH*S1t«l 3, R 
X/n- I nPA' 7 7rll 2 MQW-SC 
H?SttJ113A«*«j2/zmc06S:^rr*iat:, 

P-I nP!2 0Mn-I nP«2 lOWflfm*^ 

[0025] P - I n P±? 9 >y HI 1 7&tf*tf>fHi 
COn- I nPJf 2 l_kt{±, ^Jf^2/xm<7)p- I nP 
777 Fit 1 8&tfi$b*-7'I nGaAsny^^bJl 
1 9*5, «5J?t, WiSJlTH*. JBH-ri nGaA 
s3V*?Hil 9±Ktipffl«ffi2 2kl/CTi/P 
t/Au^HAMW. n - I nPiSl l^KSitti 
njreS2 3tUAuGeNiK*«, *«RWT* 
S. 

[ o o 2 6 ] d f b u-^rmf- 1 ocofrsffi ( ftit*B_ 
H) fcjiRWo ■ i %<ossRst3-r 4 y?'Wk < 

#\ &«fflK{iR3t$9 0%<7)sKftn-f -f y 

[0027] mcommv f b r 1 o a o 

Tii, ftf. MOCVDg£g£fS-?T, J&ftiaK6 0 0 
°CT", n-InPlSlliC, n-InP^77rl 
12, MQW-SCHvgttH 3, p-InPX^-t 
JB 1 4 , MS- 2 0 nmCOHIW^l 5<9JBfRJB£j&E3 
-t^jto MQW-SCHv£ttll 3C0fig*CJ)^-5T(i, 
S^#FvSttl 2 4}i, A> Fdf> -y 6 1 0 

nmCDI nGaAsPH^S, 61C0JI/P6 nm«# 
F12 6k, ##Fl2 6«:^4LInGaAsP 
frbtth* mW-l 2nmc7)Ptlll2 7?:, #F«2 6iC 
1 %?>E8W, P? Ml 2 7 £ 0 . 1 J^IM)^* 
mX%fih£o\,zl&fiLLiZ. SCHiWI2 5 
(i, ±Tkt, JUf 2 0nmfvS>F^>-y7°«** i 
1. 1 /imCOl nGaAsPSrJFMbfco 

[0028] Ettaw 1 5<mm±.< l zm?v 

-A ( EB ) ffimfBUiSZ h i® 1 0 0 nnKORiti 



ffiU EBfilBSa^ffi-oT, ffl»W»2 4 0nm«)ia 
HHffWf 1 5*JftSUfc. 

[00 2 9] ^V^', MOCVD^aSrffloT, 02 1 
Srf i 3 fc* p - I n PSJbSaJi 1 6AVp- I n P 
±? 5 -y HJi 1 7 BJJt«? 1 5 cttIK>&* 

[00 3 0] ace. r^XvCVDSS^fflV^T, WSL 

RJEtt-^^-yx-yf-y/ ( R I E : Reactive Ion Etchi 
ng) Sick >5\ S i NxKSx^f^LT, EWfffi^ 

1 5«««*mfcJK^fi«4^m»xh9-f rms i 

Nxl7X^ (H^t) fcJBRLfc. «wt, .xh9 
-f7HW)S i Nxl7X7^X7fym?fcU, 
p- I nPi?7 7 HJil 7, p- I nPS^a^-Jll 
6, Htf/rfWl 5 , p — I nPX^-tll 4, MQW 
-SCHiSttll 3, RVn-I nPA 7 7rll 2<D 
±M*Z.-vi->7LX. MQW-SCHSttll3*^ 

[0031] <x^x\ s i Nx«-7*?fcH!Rja&**?x 

7kfCffiV\ p- I nP12 0Sl>"n - I nPJ12 1 

S^ji^, ft^yn-y^lkU/i. SiNx^vx^Sr 
|^*b7ta, ITO2wmi^)p-I nP?7»/Kil8 
RVM InGaAsll9&, JRRfc, J«*S^ 

[00 32] ^V^T", iSh'-ri nGaAsay^^b 
«19±t, pilWffi2 2kUTTi/Pt/Au^l 

3t, n- I nPitl KOKffl&flflSU n-InP 
n1fflmffi2 3kLTAuGeNi 

JRtBHtfc. KC. DFBU-ifl oofrsSffittiRit 
*0 . 1 %«««3-f A V9°W& , «fflt{i;RSt 
*90%coS^tfa-f OVWkZtfmLtdk. fv7 

[0033] ±3£WDFBU— t?** 1 ? 1 0W»S12 7 
CD I n G a A s PWAy b'^ 7 78^ A«2S 1 . 1// 
m, 1. 1 5jum, 1. 2//m, &t^l. 2 8/zmtlS 

tl> A> F v A Eg(±, vS'KilcOAV h"df> -y 
71^*^1 6 1 0 nm ( 1 . 61/xm) Tfo&tl£>. * 
*0. 5Um, 0. 4 6jum, 0. 41um.RV 
0. 3 3jum"C*4. 

[0034] 

1*11 
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A m] J th[AW] 

1.1 1980 

1.15 1190 

1.2 1030 

1.28 I 880 

&tz. ;<0ig|l£l24<7)?''5 7fc^1\ 
[00 35] $tl&xm4frbmiiofc. LSV^K 
SEWKJthte, Ag2#U . 1 /zmfrfc 1 . 1 5jKm»SS 
TtUg2«iffijnkftfci$^U 1. 15*imH5fij&»fc 
1. 2 8jtmffi£TJiteH3c£l/CV^. Ag2 

*i. 1 5 ju m HtjaeLhtsuiifttLtf ^ serosa? 

KJth*/h8<'t6ii:* r C*, 1. 2 0jumH3BclSLh 
»W1610nm (1. 6 1/im)t»*K,#P 

0- 4 0^FftjSrF# s ^7>^-F-C 
[0 0 3 6] StA'y H4ff+ -y 7*AEgi*/h 

Fl k Pf S1<W ^ y F^'-v -y 7*11 A EgfcteHJtffi** 
0, aJtKtMIUTO. 3//m*^0. 4AtmgS v CJ> 

[0037] OTfc, 8sft@IS£#8aU HtfcJ«J£ 

JSJB»fSrc*>4. 05(4, *»g«M«DFB^— !f' 
«^4 0cO^»fffl&^WT'*D, 06(4, DF 
B V— fW^A 0 COMQW- S C H}£'|4«4 3 Pftifi^r^ 
■fBrBgH-C**. DFBV— 9**^-4 0{i, BS15 7 
(0A'yHJf+'y 7°S£*# S 1. 2 5 // m T' * £ d k »^ 

[0 0 38] BP*>, DFB1/- ?B : P4 0(4, %WSiM; 
£16 0 0 nmtSS Lfc - D F B U— m^t'fo o 
T, Kff3 5 0/zmgfltf)n-I nP»i4 l±fc, n 
-I nPA'.y7Tl42. MQW-SCHvgtt«4 3, 
JHff$j2 00^miOp-I nPX^-ti4 4, 
^P4 5 , EffirfB^ 5 p - I n P«*)3i* 

14 6 , SV'p - I n P_k? y 7 FJf 4 7<mMW&^ 

[00 3 9] MQW-SCH*S14Jf4 3(4, H6fc3irf 
J: 0 fc - #F«ttl 5 4 fc , S^#F^tt« 5 4 <D 
±TfcEBt&*lfcSCH*KK*5 5j&»fcfc*. 
F«ttl54(4, A>F^f> 77*^16 1 0 nmCO 

I nGaAsPH«. K» 6 nmCD#F«5 6 k , 



25//m<?)InGaAsPH44> §W1 2nm<7)» 
«*5 7*»fc**S*l*. 4fc, #F«56fcl%c0j± 

p*mji 5 7 tc o . i %co^mm^mx^ti 

h. SCH»tfS15 5(l ±Tkt, AVh'^-yT 
ljumt\ §W2 0nmCOI nGaAsPi> 

[0040] *^)5fi»MT-cO#Fl 5 6k WMM 5 7 
£:<Dys>K^>'y7°MAEg(4, jffcfcfcJftJU/C 0 . 3 

fcP«« 5 7 £j@i-r#F« 5 6 tmrcz s f-fiM^ 

#F^^ t 'J 7«%^ftA»§ttS . P» 
SB 5 7 <0A> H^-v -y TWS < 44 i k fc J: 0 . P* 
MH 5 7 <?)®#W# s ft < ft 9 , MQW-SC Hvgttl 4 
3 A.co^^tt^'ft-t-f £ . 
[0041] 4fcs #FJI56WB»StLT6nm*» 
ffl k fc4 9 , tb«W*?Sft^«*T'S>^ 1 6 
0 0nm«DFBl/-1f*F4 0fc*JV^T» **'J7ffl 
Stf>3MyfiStel>. 35fc* #F*5 6W«a&6kf6 

c k fc i o , jt«w^»^asa^"p*>* 1 6 0 0 n 

mWDFBl— -fit?- 4 OfcfcWt, fkfcJSWl^S 

[0042] 0^ : P4 5(4, Iff * { 2 Onm, JW* 
24 0nm, r'a-r^ (duty) HaWB2 5X. Htffe 
L=l. 5f*l». H]JJT^3SS«4, St? 
h t IHWg^fc J: S3tWftJBSrt^ffla»* s 3S< ^ 

fc. Et%& k @*t«^ fc J: i^t^mum <%ix. 
ii>, dcoidfcs muf^^sjs * l fctiftae** * 

«W6fc«>lc, lJ2Lh2WT<ofi**S8fflSix*. HlfftS 

[004 3 3 »l«3tO?^ P -InPl?7 7Fl 
47, P- I nPS^a^l46, 0»4 5, p- 
x n PX"<— tMf 44, MQW-SCHvSttif4 3, & 
t/'n- I nP^<y7rJB4 2«0±IMH4. MQW-SC 

5 ^ 7"«fc JnXSnTV^.^'^Xh^'f 7°c0 WI(4 , 
P - I nP!50Wn- I nP«5 l^Wlffijt*^ 
^rl>«»il7"o >y ^lTS«>a4ti"C^6 . 
[ 0 0 4 4 ] p - I n P±? 7 v K14 7RX/^conM 
0n-InPl5Udi, HWtt2jum^)p-I nP 
^ 7 h*14 8S.V'ft h'-7° I n G a A s a y ? ? M 
4 9#, li^fc, SlSiltV^. «F-ri nGaA 
S 3y^?hJl4 9±fci4pji«S5 2kLTTi/P 
t/Au^l^mi^', n - I n P*«4 1 CO«Sfci4 
n m 53ktTAuGeNi R#. BHtT * 

[ 0 0 4 5 ] D F BV— 4 O^MSffi ( ttiltffi 
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ffi) MtBMtmo ■ 1 < ViHA ( 

fiJcr)DFBl/-if*i i 4 0{±, PHW5 7fcAyH^ 
•y7»&#l. 2 5Aim<?)ffifiS;^I nGaAsPJSffl 
LOO . SUItffi UfcD F B l/-f»T 1 0 1 ftttlC t 

[0046] *mmmmw f b i/-n*f4 o a. 

**oMQW-SCHJSttJi4 3A.<03tfflaAtt 

[0047] *HJBBJB«|WD F B WF4 0 COtt 
IfiHWfcfcftfc* DFBl/-f i «^4 0£fjWU 
. M^#F*SttS 5 4 WAV H Jf> 

wzhcom^tz. i$\,i&mmwa&o . 55 
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42 n-InP^7Tl 50 p-InPJf 

4 3 MQW-SCHvgtt« 5 1 n-InPJB 

4 4 p-InP^-tl 5 2 piimS 
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